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Glacial and Postglacial Stratigraphy ^  
Along Nash Stream, Northern New Hampshire —
By Fred Pessl and Carl.Koteff 
U.S. Geological Survey, Boston, Massachusetts
Introduction
Late in the morning of May 20, 1969, the earthfill and timber 
crib dam at Nash Bog Pond burst, and the erosion caused by the water 
rushing down Nash Stream resulted in several remarkable exposures 
which are the principal subject of this field trip. Nash Stream is 
about 8 miles long and averages less than 400 feet wide in the reaches 
where erosion was most extensive. Mean annual discharge, measured at 
the junction of Nash Stream and the Upper Ammonoosuc River, is about 
90 feet ^/second. Immediately before the dam burst, heavy rain and 
snowmelt were sufficient to produce a flow of about 1,200 feet 3/sec­
ond.^/ The major part of the flood discharge occurred in about 7 
hours, although abnormally high readings were recorded for several 
days.
Preliminary study of the exposures along Nash Stream show the 
following generalized stratigraphy:
Colluvium.— One to five feet thick; ranges in texture from poorly 
sorted sand and granule gravel to a very poorly sorted mixture of silt- 
to boulder-sized fragments; locally overlies peat and wood fragments.
Upper outwash.— Maximum exposed thickness 25 feet; chiefly com­
posed of horizontal to gently south-dipping stratified glacial-stream 
sediments; texture variable, ranging from moderately to poorly sorted 
sand and pebble gravel with minor interbeds of medium- to fine-grained 
sand and silt, to very poorly sorted boulder-cobble gravel. Commonly 
appears light gray (2.5Y 7/2)— to light olive gray (5Y 6/2) in ex­
posure; fine-grained sand and silt coat the larger clasts; locally it 
is so compact that digging is very difficult. Locally forms terraces 
10 to 50 feet above present stream level, and at one exposure appears 
to interfinger with the upper till.
— Publication authorized by the Director, U.S. Geological Survey. Work 
done in cooperation with the State of New Hampshire, Department of 
Resources and Economic Development.
2 /— Much of the hydrological data was supplied by Charles Hale, U.S. 
Geological Survey, Concord, N.H.
3/Munsell Color Company, 1954, Munsell Soil Color Chart: Baltimore,
Maryland, Munsell Color Co., Inc.
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Upper till.— Maximum exposed thickness 93 feet; moderately compact 
to friable; grain-size distribution varies greatly, ranging from more 
than 75 percent sand and less than 5 percent clay in inferred ablation 
facies, to less than 40 percent sand and more than 20 percent clay in 
some basal parts where mixing with fine-grained water-laid sediments 
from underlying units has occurred. Most common texture is 55 to 65 
percent sand, 25 to 35 percent silt, and 5 to 10 percent clay; locally 
interbedded with water-laid sand, silt, and gravel layers. Matrix 
color ranges from light olive gray (5Y 6.5/2) to olive (5Y 5.5/3); 
strong iron-stained zones and green-gray reduced zones are locally well 
developed.
Lower outwash.— Maximum exposed thickness 75 feet; composed of 
glaciolacustrine sediments consisting of deltaic beds of very clean 
medium to coarse-grained sand with minor interbeds of small pebble 
gravel and silt and fine-grained bottomset beds of fine-grained sand, 
silt, and clay; large-scale bedding dips gently south; collapse struc­
tures such as faulted, tilted strata and slumped bedding are locally 
well developed.
Lower till.— Maximum exposed thickness 70 feet; moderately to very 
compact, commonly massive, locally has subhorizontal textural layering, 
and subhorizontal and subvertical joints; grain-size distribution
ranges from 40 to 70 percent sand, 25 to 35 percent silt, and 5 to 25 
percent clay; matrix color dark olive gray (5Y 2.5/2), locally iron 
stained to depth of 19 feet.
Tentative interpretation of the Nash Stream sections indicates 
that deposits of two separate ice sheets are present. The lower till 
and lower outwash record the presence and disappearance of the first 
ice sheet; the upper till and upper outwash record the advance and 
disappearance of the second ice sheet.
Buried wood and peat have been collected from several exposures 
along Nash Stream but, unfortunately, none have been collected from 
exposures in which the stratigraphy is firmly established. Peat over- 
lying till that is structurally and texturally similar to the lower 
till and that is overlain by colluviura, has been dated at 10,200±350 
years B.P. (U.S. Geological Survey sample number W-2431).—  Wood 
collected from what was initially interpreted as lower till has been
dated at 8,580±300 years B.P. and 8,500±300 years B.P. (W-2430)
(W-2434). In view of these later dates, we suggest that the wood- 
bearing deposit is probably disturbed till which was involved in a 
landslide.
The significance of the exposures along Nash Stream lies in the 
completeness of the stratigraphic section and in the similarity of 
the tills here with the tills described from elsewhere in New England. 
Direct regional correlation remains tentative, but we suggest that the
All age determinations by Meyer Rubin, U.S. Geological Survey.
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stratigraphy exposed along Nash Stream further supports the hypothesis 
that deposits of two separate ice sheets are widespread throughout 
most of New England.
The field-trip area is on the Percy topographic quadrangle map. 
Nash Bog Pond extends north into the Dixville quadrangle.
Mileage Road Log
0.0 Road log begins at the intersection of State Route 110
and the access road at Stark village (fig. 1). Turn right 
at Union Church, cross the Upper Ammonoosuc River over 
Covered Bridge #37 (fig. 2). Note retired fire warden 
Myron Osgood's house on the right.
0.1 Turn left at intersection. Note Devils Slide on the
right.
1.0 Cross Canadian National Railroad track.
4.0 Turn right at intersection of road to Sugarloaf Mountain
Lookout Station. Caution: from here on the road is pri­
vate; it belongs to the Groveton Paper Company, and it is 
travelled by logging trucks.
5.1 Gravel exposure on the right is tentatively identified as
an upper sand and gravel terrace composed of outwash from 
an earlier glaciation, and a lower coarser gravel terrace 
of outwash from a later glaciation.
6.0 STOP 1 : This is the major stop of the trip and includes
inspection and discussion of three large exposures west 
of the road across Nash Stream.
The first exposure is at the southern end of Stop 1 (fig. 
3); it shows southward-dipping deltaic sand and gravel 
that lap on and overlie till which is similar to the lower 
or ”oldM till recognized in southern New England. The 
following section was measured in fall 1969 immediately 
north of the north end of the area shown in figure 3.
Thickness (ft.) Description
5 to 5.5 Poorly sorted, very fine to very coarse grained
sand and fine granule gravel with scattered pebbles 
and cobbles; pervasive iron staining in upper 17 
inches: discontinuous strong iron and manganese 
staining in lower part of unit. Stratification 
parallels the slope and appears to be continuous 
with the colluvium that contains wood fragments 
near the middle part of the exposure below.
Thickness (ft.) Description
2.5 Poorly sorted coarse to medium-grained sand mixed
with sandy till-like material.
2.7 Very sandy olive till (5Y 4.5/3) with prominent
granule-sized clasts in matrix.
1.3 Horizontally bedded, silty olive-gray clay (5Y
4.5/2) with minor interbeds of very fine grained 
sand. Prominent iron staining on bedding planes.
19.0 Sharp contact with fine-grained sand layer 1 inch
thick overlying till. Compact blocky olive-gray 
till (5Y 4/2.5) with conspicuous iron-stained 
joint facies; two prominent joint sets, one sub­
vertical, one subhorizontal.
29.0
Sharp contact between this iron-stained till 
(above) and dark-gray nonstained till (5Y 3.5/1); 
at contact iron-stained surfaces of joints pene­
trate downward into nonstained till. Immediately 
above contact, a strongly iron-stained, fine to 
very coarse-grained sand layer 2 inches thick 
strikes southwest and dips northwest into slope
down
ward from dark gray (5Y 3.5/1) to very dark gray 
(5Y 2.5/2); irregularly distributed, discontinuous 
subhorizontal textural layering of fine to very 
fine grained sand and silt is locally cut by sub­
vertical joints.
33.0 Slump.
Gray, sandy till overlies the south-dipping deltaic beds (fig. 3) 
described above. This till is moderately compact to friable and 
locally is interbedded with fluvial sand and gravel. The basal part 
of the till is locally mixed with fine-grained material from the under 
lying water-laid sediments; deformation structures in the basal part 
of the till are oriented in a southerly direction. Interbedded with 
and overlying this till is a boulder-cobble gravel which extends south 
ward in the form of a low terrace 10 to 15 feet above present stream 
level. A thin layer of colluviura overlies the terrace gravels and lap 
upslope onto the till. Immediately east of the road (opposite side of 
Nash Stream), this coarse bouldery gravel disconformably overlies 
deltaic or lacustrine sediments and is, in turn, overlain by colluvium 
which truncates the stratification. Waterworn bedrock is also exposed 
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More than 90 feet of light olive-gray to olive-brown till with 
minor stratified interbeds overlies deltaic sand and gravel at the 
second exposure of Stop 1 (fig. 4). At the time of this writing 
only the following generalized description based upon reconnaissance 
and preliminary laboratory analyses was available.
Colluvium.— Several feet thick, overlying deltaic sands to the 
south and lapping onto the upper till, but apparently absent from 
the uppermost part of the section; lower contact subparallel to the 
topographic surface.
Till.— Ten to fifteen feet thick, very coarse, bouldery, and 
sandy; inferred to be an ablation deposit.
Till.— Twenty to thirty feet thick; sandy, moderately compact 
to friable, with contorted layers of well-sorted sand and silt. Con­
tains 70 to 75 percent sand, 20 to 25 percent silt, and 5 percent
clay-sized particles.
A lens-shaped zone of green-gray till surrounded by a rim of 
strong iron staining occurs near the base of this unit. Directly 
beneath this zone of apparent chemical weathering is a lens-shaped 
body of pebble-cobble gravel.
Stratified sediments.— Five to fifteen feet thick, composed 
predominantly of crossbedded, horizontally stratified, coarse to 
fine-grained sand with scattered pebbles and cobbles and locally inter­
mixed with lenses and stringers of till. The horizontal stratification 
appears to truncate the north-dipping layering in the till beneath. 
Northward along the face, this stratified unit thickens to include a 
wedge of till and disrupted beds of fine-grained water-laid sediments.
Till.— Maximum exposed thickness 50 feet; moderately to very com­
pact; contains prominent stringers and lenses of strongly iron-stained, 
coarse to very coarse grained sand: finer grained material is less 
prominently stained, producing a yellow-brown and olive-gray mottling 
in the till matrix. Grain-size distribution in the till matrix is 55 
to 60 percent sand, 30 to 35 percent silt, 5 to 10 percent clay. A 
zone of gray (reduced?) till similar to the till lens noted in the 
till above occurs near the base of this unit. Faint layering (tex- 
turally controlled?) is present in the till near the contact with the 
underlying deltaic sands. This layering appears to be truncated by 
the stratified unit above but parallels the lower contact which defines 
the partly obscured troughlike configuration of the till.
Lacustrine sediments.— Maximum exposed thickness 75 feet; medium 
to coarse-grained sand with minor fine-grained sand, silt, pebbly sand, 
and small pebble gravel: bedding dips south 15° to 18° near upper part 
of unit, flattens to nearly horizontal with depth: stratification is 
truncated and distorted at the till contact, and shear structures pro­
duced by apparent south-directed forces are common. Admixing of the 










































































































































Farther north along this exposure, the lacustrine beds overlie 
another till which is exposed in two places near present stream level. 
The texture of the till matrix at these localities is somewhat coarser 
(60 to 70 percent sand, 25 to 30 percent silt, 5 percent clay-size 
particles) than that of the lower till exposed near the southern part 
of Stop 1, but the stratigraphic position of the till here clearly 
indicates that it predates the upper till. The upper outwash is 
missing at this exposure.
6.5 The third exposure of Stop 1 shows upper till overlying
deltaic or lacustrine beds of sand, gravel, and silt. At
the south end of this exposure, terraced gravels of the upper 
outwash truncate and overlie south-dipping foreset beds of 
the lower outwash. Further north along the exposure, till 
overlies apparent topset beds of the lower outwash, and still 
further north the till overlies and appears mixed with la­
custrine silt and very fine grained sand.
6.7 To the west, upper outwash composed predominantly of cobble
gravel overlying the finer grained lower outwash sand and 
gravel is exposed.
7.0 STOP 2: Waterworn bedrock east of road.
This exposure (fig. 5) about 1,200 feet long, shows upper out­
wash composed predominantly of boulder, cobble, and pebble gravel 
disconformably overlying conspicuously collapsed deltaic sand and 
gravel which is inferred to be the stratigraphic equivalent of the 
deltaic or lacustrine sands and gravels at Stop 1. At the southern 
end only upper outwash is exposed. It is very poorly sorted, tightly 
packed, brownish-gray bouldery gravel with many angular and sub- 
angular larger clasts. Major bedding planes dip very gently south. 
Three hundred to four hundred feet north of the southern end of the 
exposure, the contact between the two outwash units rises about 18° 
to the north. Bedding in the lower outwash dips 15° to 25° S. and
is truncated at the contact with the upper outwash. In one place 
near the middle of the exposure, a large channel, about 50 feet wide 
and 15 to 20 feet deep, has been cut in the lower outwash and filled 
by upper outwash. The lower outwash is composed of moderately to well 
sorted, clean, very coarse to medium-grained sand and interbedded 
pebbly sand and small pebble gravel. The coarser grained sand and 
pebbly sand layers are light purple to pink.
Although collapsed bedding in the lower outwash occurs along 
most of the exposure, the most prominent collapse structures are in 
the northern half of the exoosure. Near the northern end, alternately 
darker and lighter colored flat-lying layers of interbedded medium- to 
fine-grained sand and coarse-grained sand to small pebble gravel have 
been faulted and tilted, dipping about 25° N. Noncollapsed upper out­
wash and colluvium overlie the collapsed lower outwash. The upper out 









Figure 6 Grain-size distribution (in percent) in the matrix of till 
and an inferred landslide deposit (diamicton) from the Nash
Stream area.
8.7 In a small pit to the east, about 10 feet of upper till is
overlain by 1 to 30 feet of strongly iron-stained pebble- 
cobble gravel. The till has prominent sandy partings which 
have been accentuated by frost action, producing a blocky 
structure in the till at the pit face.
11.2 To the west is the southern end of a broad swampy area where
the valley widens. Very little flood damage occurred here.
13.1 nRowdenTs Roost" on left. Signs mark where Mr. Rowden spent
the night after climbing the tree to avoid the flood waters
when the dam burst. RowdenTs companions scampered up the 
slopes to the east and hiked 5 miles through 2 feet of snow 
to the next valley.
13.7 Bridge over Nash Stream.
14.0 STOP 3: Road to damsite.
Descend north side of the dam abutment and walk east to the stream. 
View north across the basin of former Nash Bog Pond. At normal gate 
level the pond occupied about 240 acres and had an estimated average 
depth of 10 feet.
In the vicinity of the breached earth-fill structure, note ex­
humed logs in eroded pond-bottom sediments.
On the east bank, immediately below the dam, is a nearly horizontal 
iron-stained horizon. This horizon is continuously exposed around the 
rim of the eroded bottom sediments at the top of the scarp and can be
traced beneath the artificial fill of the dam on the west side of the
stream, indicating that the material beneath the oxidized zone predates 
the dam. A similar iron-stained zone occurs beneath the vegetated mat 
on the former pond bottom.
A log collected from the scarp face has a radiocarbon age of 
8580±300 years B.P. (W-2430). The texture of the matrix material is 
68 percent sand, 20 percent silt, and 12 percent clay-size particles,
similar to tills exposed downstream, although it has somewhat more
sand than most lower till, and somewhat more clay than most upper till 
(fig. 6). The texture and distribution of the coarser fragments, 
especially the boulders, is different from those usually found in tills 
in New England, but the nature of this difference is hard to define.
The relatively young age of this deposit primarily influences our 
interpretation of it as a landslide deposit.
An alternative interpretation has been suggested: that this
deposit may be undisturbed till representing a readvance which flowed 
out from a center in the White Mountains about 8,600 years ago. The 
presence of peat, dated about 8,300 years B.P. (W-2473), exposed at 
the surface nearby, and peat, dated 10,200±350 years B.P. (W-2431),
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beneath colluvium overlying till further downstream, seems to argue 
against this hypothesis. Furthermore, we are unaware of any re­
gional geological or palynological evidence that supports the pos­
sibility of a glacial readvance about 8,600 years ago.
Proceed downstream along west side of Nash Stream.
Distance south 
of dam (ft.)
1,000 Dissected bog deposit exposed in west bank.
Organic-rich layer, about 4 feet thick contains 
logs dated 8,460±300 years B.P. (W-2470) and peat 
dated about 8,300 years B.P. (W-2473). Directly
beneath the peat is a layer of light olive-gray 
“till-like11 material (landslide deposit?) which 
overlies poorly sorted strongly oxidized cobble- 
pebble-boulder gravel.
1,500 Cut bank exposes landslide debris (?) overlying
bedrock or possibly a large boulder. The material 
locally shows strong iron and manganese staining. 
The matrix material is 69 percent sand, 20 percent 
silt, 11 percent clay-sized particles, and the tex­
ture is strikingly similar to the texture upstream 
at the damsite. The upper few feet of the deposit 
here appear to be frost disturbed.
2,100
Directly opposite on the east side of the stream, 
well-preserved grooves and striations bearing 
S.30° to 35°E. occur on bedrock just above stream 
level. Olive to olive-gray (5Y 4.5/2.5) till 
resting directly on this striated surface contains 
58 percent sand, 26 percent silt, and 16 percent 
clay-sized particles.
2,000 Exhumed peat exposed on surface of gravel bar in
streambed. Peat occurs in basal part of 4-inch 
thick organic-rich fine-grained sand and silt 
which overlies oxidized pebble gravel. This in turn 
overlies dark-olive-green to olive-gray till. This
peat is dated 10,380±350 years B.P. (W-2433).
Till exposure on east side of stream shows two tex 
tural facies of the dark olive-green till, a sandy 
facies overlying a clayey facies. The matrix of 
the sandy facies contains 58 percent sand, 30 per­
cent silt, 12 percent clay-sized particles; the 
matrix of the clayey facies contains 43 percent 
sand, 34 percent silt, and 24 percent clay-sized 
particles. Both of these matrix-textures fall 
within the range of textures found in the lower
G
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till downstream, and the till here is tentatively cor­
related with that lower till. Overlying the dark-olive- 
green till is a layer of peat 1 to 2 1/2 feet thick which
is dated 10,200+350 years B.P. (W-2431). Strongly oxi­
dized coarse gravel is locally interbedded between the 
peat and till. Colluvium 1 to 2 feet thick overlies the 
peat.
2500 Cut bank on west side of stream exposes mottled (irreg­
ularly oxidized and reduced) lftill-liken material con­
taining wood fragments. The matrix material is similar 
to that at the dam, containing 65 percent sand, 22 per­
cent silt, and 13 percent clay-sized particles. Wood 
fragments and bark chips lining the cast of a log, 10 
to 12 inches in diameter, were collected from this 
deposit. Farther downstream, a well-preserved log 
embedded about 4 feet below the surface was discovered 
by E.E. Lambert. This log has been dated at 8500±300 
years B.P. (W-2434).
2,600 Dark olive-gray to olive-green "till-like" material is
exposed at the base (near stream level) of the cut bank. 
This material is overlain by 6 to 10 inches of an iron- 
stained, mottled unit similar to that in the previous 
exposure. Strongly oxidized, coarse-grained sand and 
pebble gravel 12 to 30 inches thick with minor inter­
beds of fine-grained sand and silt overlies the iron- 
stained unit. The matrix of the nonoxidized basal unit 
contains 69 percent sand, 20 percent silt, and 11 percent 
clay-sized particles, very similar to the texture of the 
material at the dam. Numerous, well-preserved logs 
extend out from the face of the nonoxidized material.
In summary, the stratigraphy exposed north of the bridge along 
Nash Stream includes till on the east side of the stream equivalent to 
the lower till described at Stop 1 and a large landslide deposit on the 
west side of the stream composed of reworked till containing logs and 
wood fragments. Definition of these two units is based primarily on 
the age and position of the peat and logs and on the similarity of the 
till on the east side of the stream to that of lower till downstream.
The lateral extent of the landslide deposit is unknown, but the 
topography suggests that the road between the bridge and the  
traverses the main slide mass.
